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Water, the environment, and food production are closely interrelated at thelocal, regional, and global levels—as discussed extensively in previouschapters. Rapidly increasing water demands and competition among
household, industrial, environmental, and agricultural uses have escalated in many
regions. Long-term hydrological records show a marked reduction in the annual dis-
charge on some of the world's major rivers (OECD 1998) resulting largely from
the growth of agricultural water consumption. 
Balancing water uses between agriculture, the environment, and other sectors
can be tricky to say the least. Growing irrigation water use and prescribed water reser-
vation for environmental uses could jeopardize the long-term availability of water
for food production, raising the question of whether water scarcity will constrain
food production growth, particularly in the developing world. In this chapter we
assess the impact of water supply on future food production growth and examine
the trade-offs among increasing water allocation for the environment, eliminating
groundwater overdraft, and producing food. 
UNSUSTAINABLE GROUNDWATER USE
Unsustainable groundwater use is often associated with irrigation. It is a concern in
numerous areas around the globe because it can lead to both water scarcity and water
quality problems. Groundwater overdraft occurs when groundwater pumping
exceeds the rate of natural recharge. Overdrafting leads to a lowered water table,
which in turn increases the depth of pumping, boosting pumping costs. Additional
environmental problems may also occur from groundwater overdrafting including
decreased water quality, subsiding land, and saline intrusion into aquifers. Salt
intrusion into aquifers as a result of groundwater overdraft is of particular concern
in coastal regions. 
Estimates indicate that irrigated cropland has degraded significantly over the
past decade through waterlogging and salinization. Waterlogging develops when the
soil becomes saturated because of a high or perched water table. It often occurs in
more humid regions and is generally caused by over-irrigation or inadequate
drainage. It leads to poor plant growing conditions. Salinization—or the accumu-
lation of salts in the soil through water evaporation from the upper soil layers—can
occur naturally but is generally a problem under irrigated conditions. This prob-
lem is often more acute in arid areas because irrigation water evaporates more
quickly and there is less natural leaching and drainage. Salinization generally leads
to decreased production levels, although in some cases the problem may be severe
enough to obstruct agriculture altogether.
Agriculture can contribute to water quality reduction in several ways, but it can
also feel the effects of this pollution as reductions in water quality often lead to
decreases in agricultural production. Water-induced soil erosion from cropland can
be a major problem for water quality, leading to suspended solids in the water sup-
ply and siltation in the channel. Additional ground and surface water pollution from
agriculture can be caused by fertilizer, pesticide, and animal manure inputs. Excess
nutrients in the water supply can lead to eutrophication, which affects the aquatic
ecosystem by depleting oxygen through algae blooms. In addition, excess nitrates
contributed by fertilizers and animal manure can have human health effects (Wood,
Sebastian, and Scherr 2000). These water quality problems can be intensified by
increased water scarcity because there is less water to dilute the pollutants.
GROUNDWATER OVERDRAFT REDUCTION
Groundwater pumping in excess of recharge has caused significant groundwater
depletion in many regions including northern China, northern India, the western
United States, and some countries in WANA. As discussed, groundwater overdraft
can lead to significant problems in both water quality and water availability; thus,
excessive groundwater use is a critical policy issue in balancing water uses for food
production and the environment. The low groundwater pumping scenario (LGW)
discussed in this section examines the effects of the global elimination of ground-
water overdraft.1
Scenario Specification for Sustainable Groundwater Use
In any given aquifer, groundwater overdraft occurs when the ratio of pumping to
recharge is greater than 1.0. However, given the large macrobasins used in the
IMPACT-WATER model and the unequal distribution of groundwater resources
in them, areas exist within these basins where available groundwater resources are
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subject to overdraft even if the whole-basin ratio shows pumping to be less than
recharge. Postel (1999) draws on several sources to estimate total annual global
groundwater overdraft at 163 cubic kilometers; using this estimate we set the thresh-
old at which localized groundwater overdraft occurs at the whole-basin level at 0.55.
Using this benchmark, groundwater overdraft occurs in a number of basins and
countries in 1995 including the Rio Grande and Colorado River basins in the west-
ern United States, where the ratio of annual groundwater pumping to recharge is
greater than 0.6; the Haihe in northern China, where the ratio is 0.85, and the mid-
dle and downstream areas of the Yellow River basin, where the ratio is greater than
0.6; several river basins in northern and western India with ratios in excess of 0.8;
Egypt, with a ratio of 2.5; and WANA, with a ratio of 0.8. 
It is possible for regions and countries that are unsustainably pumping their
groundwater to return to sustainable use in the future. LGW assumes that ground-
water overdraft in all countries and regions using water unsustainably is phased out
over 25 years beginning in 2000 by reducing annual groundwater pumping to
recharge ratios to below 0.55 at the basin or country level.
Compared with 1995 levels, under LGW, groundwater pumping in the over-
drafting countries and regions declines by 163 cubic kilometers including reduc-
tions of  30 cubic kilometers in China, 69 cubic kilometers in India, 11 cubic
kilometers in the United States, 29 cubic kilometers in WANA, and 24 cubic kilo-
meters in other countries. The projected increase in pumping for areas with more
plentiful groundwater resources remains about the same as under BAU. Total glob-
al groundwater pumping falls to 753 cubic kilometers in 2021–25, a decline from
the 1995 value of 817 cubic kilometers and from the 2021–25 BAU value of 922
cubic kilometers. 
Scenario Results for Sustainable Groundwater Use
In this section we analyze projections for water and food under LGW compared with
BAU.
Total water withdrawals are projected to increase by 846 cubic kilometers
between 1995 and 2021–25 under BAU (Table 7.1). Such increases are smaller
under LGW because groundwater overdraft, as discussed, is assumed to fall. The
global elimination of groundwater overdraft results in a 161.8 cubic kilometer
decrease in water withdrawals in 2021–25 compared with BAU. The decrease is only
5.3 cubic kilometers in developed countries compared with 156.5 cubic kilometers
in developing countries. The largest regional impacts are felt in India and China,
where water withdrawals under LGW decrease by approximately 10 and 4 percent,
respectively, compared with BAU. In most other regions under LGW, water with-
drawals decrease by smaller amounts. 
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Table 7.1Total water withdrawal under business-as-usual and low ground-
water pumping scenarios, 1995 and 202125 
Total water withdrawal (km3)
1995 20212025 projections
Region/Country baseline estimates BAU LGW
Asia 1,952.7 2,419.8 2,286.1
China 678.8 843.6 812.8
India 674.4 822.0 742.9
Southeast Asia 203.1 278.3 278.3
South Asia excluding India 353.0 416.0 392.2
Latin America (LA) 297.8 402.3 402.3
Sub-Saharan Africa (SSA) 128.4 206.9 208.2
West Asia/North Africa (WANA) 236.1 294.0 269.8
Developed countries 1,144.2 1,271.6 1,266.3
Developing countries 2,761.9 3,480.6 3,324.1
World 3,906.1 4,752.1 4,590.3
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario and LGW, the
low groundwater pumping scenario; and km3, cubic kilometers.
Table 7.2Consumptive water use by sector under business-as-usual and low
groundwater pumping scenarios, 202125
Consumptive water use (km3)
Irrigation Domestic Industrial Livestock
Region/Country BAU LGW BAU LGW BAU LGW BAU LGW
Asia 842.2 774.9 146.3 145.9 78.8 78.5 22.9 22.8
China 232.7 220.2 57.7 57.3 31.6 31.4 7.1 7.1
India 338.1 295.0 39.8 39.7 16.2 16.1 7.6 7.5
Southeast Asia 89.8 89.8 29.3 29.3 20.5 20.5 3.9 3.9
South Asia 
excluding India 168.1 156.5 15.8 15.9 4.5 4.5 3.7 3.8
Latin America (LA) 94.7 94.7 30.0 30.0 29.7 29.7 12.1 12.1
Sub-Saharan 
Africa (SSA) 61.6 62.3 22.8 22.8 2.3 2.3 3.9 3.9
West Asia/North 
Africa (WANA) 136.5 121.7 12.8 12.7 8.6 8.5 3.1 3.2
Developed countries 277.7 275.2 68.3 68.2 115.4 115.3 18.0 18.0
Developing countries 1215.7 1134.3 214.6 214.3 121.9 121.6 43.3 43.1
World 1493.4 1409.6 282.9 282.5 237.2 236.9 61.4 61.1
Source:  IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario and LGW, the low
groundwater pumping scenario; and km3, cubic kilometers.
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The consumptive use of water—water withdrawn from the source that cannot
be reused in the same basin—is also projected for each sector under BAU and LGW
(Table 7.2). Globally, irrigation is by far the greatest user of water in the four sec-
tors reported in Table 7.2. It also undergoes the greatest overall decrease in water
use under LGW. The global elimination of groundwater overdraft leads to a world-
wide reduction of consumptive water use in 2021–25 of 5.6 percent in the irriga-
tion sector, 0.5 percent in the livestock sector, 0.1 percent in the domestic sector,
and 0.1 percent in the industrial sector compared with BAU. Most of this change
occurs in developing countries, where consumptive water use in the irrigation sec-
tor under LGW declines by 6.7 percent. Changes in developed country water use
are much smaller.
Total cereal area is estimated to be 730 thousand hectares lower in 2021–25
under LGW than projected under BAU (Table 7.3). This is because of the signifi-
cant difference in irrigated area between the two scenarios (3.3 million hectares less
under LGW). Rainfed area is greater under LGW because of the increase in cereal
prices induced by the cutback in groundwater pumping, but is not large enough to
completely offset the reduction in irrigated area. Most of the difference in irrigat-
ed area occurs in developing countries—most significantly in China. Declines in
cultivated area also occur for soybeans and roots and tubers under LGW. Absolute
Table 7.3Cereal area harvested under business-as-usual and low groundwa-
ter pumping scenarios, 1995 and 202125
Rainfed harvested area Irrigated harvested area 
(million ha) (million ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LGW estimates BAU LGW
Asia 136.9 130.2 130.5 152.9 167.7 164.8
China 26.2 29.6 29.6 62.4 66.6 64.0
India 62.3 49.8 49.9 37.8 46.7 46.8
Southeast Asia 29.8 31.5 31.6 19.2 20.3 20.4
South Asia excluding India 5.6 5.6 5.6 19.9 21.0 20.3
Latin America (LA) 41.8 55.0 55.3 7.5 9.8 9.8
Sub-Saharan 
Africa (SSA) 69.8 95.5 95.8 3.3 4.8 4.8
West Asia/North 
Africa (WANA) 34.0 35.6 35.9 9.8 10.9 10.4
Developed countries 192.1 196.0 197.4 41.8 45.1 45.3
Developing countries 282.2 316.1 317.2 171.3 191.9 188.5
World 474.3 512.1 514.7 213.1 237.0 233.7
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LGW, the low
groundwater pumping scenario; and million ha, million hectares.
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Table 7.4Cereal yield under business-as-usual and low groundwater pumping
scenarios, 1995 and 202125
Rainfed yield (kg/ha) Irrigated yield (kg/ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LGW estimates BAU LGW
Asia 1,699 2,459 2,474 3,227 4,503 4,374
China 3,585 4,647 4,685 4,225 5,881 5,871
India 1,197 1,632 1,643 2,653 3,821 3,449
Southeast Asia 1,609 2,466 2,477 3,054 4,269 4,297
South Asia 
excluding India 1,239 1,916 1,928 2,187 3,282 3,227
Latin America (LA) 2,067 2,917 2,937 4,066 5,457 5,492
Sub-Saharan 
Africa (SSA) 848 1,194 1,202 2,157 3,083 3,128
West Asia/North 
Africa (WANA) 1,397 1,753 1,767 3,578 4,858 4,851
Developed countries 3,167 3,886 3,910 4,439 5,972 5,983
Developing countries 1,506 2,076 2,090 3,249 4,529 4,417
World 2,179 2,769 2,788 3,483 4,803 4,720
Source:  IMPACT-WATER assessments and projections, 2002.
Notes:  202125 data are annual averages. BAU indicates the business-as-usual scenario; LGW, the
low groundwater pumping scenario; and kg/ha, kilograms per hectare.
decreases in irrigated area for these commodities are not as large as those for cere-
als although the percentage difference for soybeans—at 3 percent—is larger than
that for the other commodities (the irrigated area decline for cereals is only 1.4 per-
cent). Reductions in harvested area for soybeans and roots and tubers are also con-
centrated in China.
In most regions, irrigated cereal yields in 2021–25 are lower under LGW than
under BAU (Table 7.4). Globally yields decline by 1.7 percent, in developing coun-
tries they decline by 2.5 percent, and in developed countries they increase slightly
(by 0.2 percent). In contrast, rainfed yields increase slightly under LGW. World and
developing country rainfed yields increase by 0.7 percent while developed country
yields increase by 0.6 percent over BAU levels.
Total cereal production under LGW decreases by 18 million metric tons com-
pared with equivalent BAU levels in 2021–25 (Table 7.5). This overall decrease is
made up of 35 million metric tons in irrigated cereal production, counteracted by
a rainfed production increase of 17 million metric tons. Price increases spurred by
lower irrigated production stimulate rainfed production. World wheat prices under
LGW reflect a 10 percent increase over BAU equivalents in 2021–25, with rice
prices increasing by 6 percent and maize prices by 5 percent (Figure 7.1). 
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Table 7.5Cereal production under business-as-usual and low groundwater
pumping scenarios, 1995 and 202125
Rainfed production Irrigated production
(million mt) (million mt)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU LGW estimates BAU LGW
Asia 232.6 320.2 322.8 493.3 755.3 720.9
China 94.0 137.4 138.6 263.6 391.6 375.9
India 74.6 81.4 82.0 100.3 178.3 161.5
Southeast Asia 47.9 77.8 78.3 58.5 86.6 87.6
South Asia excluding India 6.9 10.6 10.7 43.6 68.9 65.4
Latin America (LA) 86.4 160.6 162.4 30.6 53.4 54.0
Sub-Saharan Africa (SSA) 59.2 114.1 115.2 7.0 14.7 15.0
West Asia/North 
Africa (WANA) 47.5 62.3 63.4 34.9 53.0 50.3
Developed countries 608.3 761.6 771.9 185.6 269.1 270.7
Developing countries 425.0 656.3 663.0 556.7 869.1 832.4
World 1,033.3 1,418.0 1,434.9 742.3 1,138.2 1,103.2
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LGW, the low
groundwater pumping scenario; and million mt, million metric tons.
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Figure 7.1—World food prices under business-as-usual and low
groundwater pumping scenarios, 2021–25
Source: IMPACT-WATER projections, 2002.
Note: Data are annual averages; US$/mt indicates U.S. dollars per metric ton.
Total developing country cereal production declines by 30 million metric tons
under LGW in 2021–25 compared with BAU; irrigated production declines by 37
million metric tons, and rainfed production increases by 7 million metric tons.
Cereal production actually increases in developed countries by 12 million metric
tons in response to world price increases, and more than compensates reductions
from decreased groundwater pumping. 
Under LGW global soybean production falls by 1.9 million metric tons (0.8
percent), potato production decreases by 4.3 million metric tons (1.1 percent), and
sweet potato production decreases by 1.5 million metric tons (0.7 percent) com-
pared with BAU. Production of cassava and other roots and tubers—virtually all
rainfed—actually increases by 1.8 million metric tons (0.7 percent) because price
increases for other staples shift demand toward cassava, boosting prices and induc-
ing slightly higher production.
Although substantial, the estimated decline in global food production from the
elimination of groundwater overdraft is not devastatingly high because of the
induced increases in food prices that stimulate increases in rainfed production and
offset the fall in irrigated production. But, as would be expected, much more seri-
ous impacts are felt in countries and basins that currently have large overdrafts.
Cereal production falls by 16.2 million metric tons in India, with a few basins par-
ticularly hard hit including the Ganges basin—where cereal production declines 8.8
million metric tons—and the Indus basin—where cereal production falls by 4.6 mil-
lion metric tons. In China, cereal production falls by 14.5 million metric tons
including 11 million metric tons in the Haihe River basin and 5.7 million metric
tons in the Yellow River basin. The production impacts felt in these and other water-
scarce basins are discussed in greater detail in Box 7.1. 
Cereal demand also falls in these countries under LGW, with decreases of 3.8
and 4 million metric tons in India and China, respectively (Table 7.6). Globally,
demand declines by 23.5 million metric tons. These declines occur in developing
countries predominantly, particularly in Asia. Although demand decreases across the
board, the declines are not great enough to counteract the predicted decreases in pro-
duction. 
The shortfall in production compared with demand is offset with higher net
imports, which increase in the developing world as a whole but are concentrated in
particular areas. Compared with BAU, in 2021–25 LGW results in an increase in
net cereal imports of 13 million metric tons in India and 14 million metric tons in
China (Figure 7.2). Unsurprisingly, net cereal exports in developed countries increase
to supply the additional demand in the developing world.
Improved efficiency in overdrafting basins to offset the lost production and con-
sumption from reduced groundwater pumping would require reform beyond the
basins most affected. Although improvements directed at the specific overdrafting
basins could, in theory, compensate these declines, they would be unlikely in 
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Table 7.6Cereal demand under business-as-usual and low groundwater
pumping scenarios, 1995 and 202125
Cereal demand (million mt)
1995 202125 projections
baseline
Region/Country estimates BAU LGW
Asia 794.3 1,205.3 1193.2
China 375.0 571.9 568.1
India 171.3 268.5 264.5
Southeast Asia 113.5 172.9 171.4
South Asia excluding India 54.9 98.6 96.5
Latin America (LA) 137.4 231.0 228.5
Sub-Saharan Africa (SSA) 78.4 158.8 156.9
West Asia/North Africa (WANA) 120.2 196.6 194.5
Developed countries 686.4 794.2 788.9
Developing countries 1,092.2 1,754.4 1,736.1
World 1,778.6 2,548.5 2,525.0
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; LGW, the
low groundwater pumping scenario; and million mt, million metric tons.
Box 7.1Elimination of groundwater overdraft in
water scarce basins
Groundwater overdraft is a problem in many of the major water scarce
basins around the world. To phase out overdraft by 2025, groundwater
pumping in water-scarce basins and countries is significantly reduced
under LGW compared with BAU levels, including a reduction of 10.5
cubic kilometers in the Haihe, 15.3 cubic kilometers in the Yellow, 24.5
cubic kilometers in the Indus, and 32.9 cubic kilometers in the Ganges
river basins, and 2.7 cubic kilometers in Egypt. The ratio of water with-
drawal to renewable water declines across all of the selected water scarce
regions, with particularly large declines in the Yellow and Haihe river
basins in China (19 and 16 percent respectively). IWSR and relative
irrigated yields under LGW are also significantly lower. Although
impacts on global food production and demand under LGW are not
particularly significant, the effect in these selected water scarce basins
and countries is considerable. For example, compared with BAU, total
cereal production under LGW drops by 15 percent in the Haihe, 9 per-
cent in the Yellow, 10 percent in the Indus, and 9 percent in the Ganges
river basins, and 6 percent in Egypt. These results indicate it will be
infeasible to maintain cereal production at BAU levels in water scarce
basins through improvement in basin efficiency alone; increases in
broader agricultural investments and agricultural policy reform will be
necessary.
reality. For example, in the Indus basin, 2025 basin efficiency (BE) values would
need to rise from 0.59 to 0.76 to generate enough cereal production to compen-
sate for the reduced groundwater overdraft, and in China's Yellow River, 2021–25
BE values would have to increase from 0.62 to 0.82.
ENVIRONMENTAL DEMANDS FOR WATER
Environmental demands for water have attracted increasing attention in recent years.
Smakhtin (2002) defines environmental water requirements as the amount and
quality of water required to protect an ecosystem to enable ecologically sustainable
development and water resource utilization. Extreme changes in ecosystems may
occur if water available for environmental uses falls below a certain threshold.2
Many countries are beginning to incorporate these concepts into their water
resources management strategies to reserve a certain quantity of water for environ-
mental or ecosystem uses. 
Water reserved for the environment can help regulate pollution and sustain the
riparian ecosystem. Sufficient in-stream water availability can help to temper water
pollution through the dilution of contaminants in the watercourse. Water avail-
ability is critical to the maintenance of local flora and fauna in a watershed 
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Figure 7.2—Net cereal trade under business-as-usual and
low groundwater pumping scenarios, 2021–25
Source: IMPACT-WATER projections, 2002.
Note: Data are annual averages; negative values indicate net imports; positive
values, net exports.
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(particularly fish and other aquatic species). Water is also needed to maintain exist-
ing wetlands, which can have additional positive impacts on the watershed because
they can recharge aquifers, digest organic wastes, and store runoff (Johnson,
Revenga, and Echeverría 2001). 
INCREASE IN ENVIRONMENTAL WATER FLOWS
The possible tradeoffs between water for food production and water for nature
became one of the most contentious issues in discussions of the Second World Water
Forum in The Hague in 2000. Participants in the “Water for Food” theme stressed
the need for slow growth in water consumption in agriculture, while the “Water for
Nature” theme called for significant reallocation of water from agriculture to envi-
ronmental uses. As Rijsberman and Molden (2001) note, the Global Water
Partnership's Framework for Action to Achieve the Water Vision in the 21st Century
captures the central paradox as follows: 
On the one hand, the fundamental fear of food shortages encour-
ages ever greater use of water resources for agriculture. On the other,
there is a need to divert water from irrigated food production to other
users and to protect the resource and the ecosystem. Many believe this
conflict is one of the most critical problems to be tackled in the early
21st century. 
(GWP 2001 cited in Rijsberman and Molden 2001)
But does the solution to this paradox require a zero-sum trade-off between food
production and water for environmental purposes? The scenarios that follow address
this issue by examining the impact of a mandated increase in environmental flows
on total water use and food production. In the first scenario (HENV), a global
increase in water reserved as committed flows for the environment is simulated with-
out improved river basin efficiency; in the second (HENV-HE), a global increase
in water reserved as committed flows for the environment is simulated with
improved river basin efficiency. 
Global Increase in Environmental Water Flows
To model higher environmental water flows, HENV assumes that additional water
is freed for the environment by maintaining total water consumption at 1995 lev-
els. To explore the trade-offs between irrigation and environmental flows, the
2021–25 domestic and industrial water demand projections are maintained at
BAU levels to ensure that the irrigation sector is the only variable creating water con-
sumption savings under HENV. Hence HENV depicts a trade-off between envi-
ronmental and irrigation uses worldwide. The reduction in global total water
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withdrawals in 2021–25 under HENV compared with BAU is 678 cubic kilo-
meters, or 14 percent, and in total consumption the reduction is 340 cubic kilo-
meters, or 16 percent.
HENV-HE adds the dimension of whether the impacts of these water savings
on the irrigation sector can be minimized through water use efficiency. Under this
second environmental flow scenario, BE increases from BAU levels to produce
beneficial crop water consumption roughly equivalent to BAU levels during
2021–25 (Table 7.7). BE levels under HENV-HE, therefore, are much higher than
under BAU, but they are not unreasonable given the advanced irrigation systems
available today and potential reforms in water policy and management.
Results for High Environmental Flow Scenarios
A global increase in water committed to environmental uses decreases total water
withdrawal in 2021–25 by 14 percent compared with BAU. The 4,074 cubic kilo-
meter total withdrawn under HENV in 2021–25 is still higher than the 1995 level,
but only by 4 percent compared with a projected 22 percent increase under BAU
(Table 7.8). Total water withdrawal under HENV decreases for both developing and
developed countries compared with BAU (slightly more in developing countries).
Table 7.7Basin efficiency and beneficial irrigation water consumption under 
business-as-usual, high environmental flows, and high environmental flows
and high irrigation efficiency scenarios, 1995 and 202125 
Beneficial Irrigation 
Basin efficiency water consumption (km3)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU HENV HENV-HE estimates BAU HENV HENV-HE
Asia 0.53 0.58 0.58 0.77 439.6 486.5 378.0 485.0
China 0.54 0.60 0.60 0.82 130.8 138.5 105.2 136.8
India 0.57 0.63 0.63 0.82 183.4 212.3 165.8 210.6
Southeast Asia 0.47 0.49 0.49 0.65 40.5 44.4 33.2 41.6
South Asia excluding India 0.48 0.50 0.50 0.66 79.0 84.1 68.5 89.0
Latin America (LA) 0.45 0.47 0.47 0.61 39.5 44.4 33.4 41.9
Sub-Saharan Africa (SSA) 0.44 0.46 0.46 0.66 22.2 28.4 17.9 25.2
West Asia/North
Africa (WANA) 0.68 0.73 0.73 0.88 82.5 99.6 77.0 88.9
Developed countries 0.65 0.69 0.69 0.79 175.5 190.6 158.1 177.2
Developing countries 0.54 0.58 0.58 0.76 626.6 708.2 553.6 693.7
World 0.56 0.60 0.60 0.76 802.1 898.7 711.7 870.8
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation efficiency; and km3, cubic
kilometers.
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Developing country withdrawals are 16 percent lower under HENV than under
BAU in 2021–25, and developed country withdrawals are 9 percent lower; region-
ally, the impact in India is particularly significant, with a decline of 17 percent. 
Understandably, total global water withdrawals also decrease under HENV-HE
compared with BAU, and at approximately the same rates as HENV. The global
decrease under HENV-HE is 15 percent compared with BAU; developing and
developed country decreases are similar, at 17 and 9 percent, respectively, compared
with BAU.
Increasing global environmental water flows predominantly affects consump-
tive use in the irrigation sector. Under HENV, global consumptive use of water for
irrigation declines in 2021–25 by 21 percent compared with BAU (Table 7.9). As
a result, the irrigation water supply reliability index (IWSR) declines significantly
under HENV compared with BAU (Table 7.10). From 0.81 in 1995, IWSR in
developing countries declines to 0.58 by 2021–25 under HENV compared with
0.75 under BAU. Sub-Saharan Africa (SSA) and Latin America (LA) show the
largest declines in IWSR, with a drop of 0.28 between 1995 and 2021–25.
The reduction in water use for irrigation under HENV-HE is slightly larger,
at 24 percent globally compared with BAU. For developing countries, the effects
of HENV and HENV-HE are similar—22 and 24 percent declines over BAU lev-
els respectively. Decreases in developed countries are smaller, at 18 and 19 percent
Table 7.8Total water withdrawal under business-as-usual, high environmental
flows, and high environmental flows and high irrigation efficiency scenarios,
1995 and 202125
Total water withdrawal (km3)
1995 baseline 202125 projections
Region/Country estimates BAU HENV HENV-HE
Asia 1,952.7 2,419.8 2,026.3 1,996.9
China 678.8 843.6 707.8 695.7
India 674.4 822.0 679.1 664.1
Southeast Asia 203.1 278.3 234.6 232.6
South Asia excluding India 353.0 416.0 352.8 352.5
Latin America (LA) 297.8 402.3 344.4 346.5
Sub-Saharan Africa (SSA) 128.4 206.9 154.9 155.9
West Asia/North Africa (WANA) 236.1 294.0 242.2 236.2
Developed countries 1,144.2 1,271.6 1,154.5 1,155.2
Developing countries 2,761.9 3,480.6 2,919.7 2,887.4
World 3,906.1 4,752.1 4,074.2 4,042.6
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; and HENV-HE, higher environmental flow and higher irrigation efficiency; and km3,
cubic kilometers.
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Table 7.10Irrigation water supply reliability under business-as-usual, high
environmental flows, and high environmental flows and high irrigation 
efficiency scenarios, 1995 and 202125 
Irrigation water supply reliability index (IWSR)
1995 202125 projections
baseline
Region/Country estimates BAU HENV HENV-HE
Asia 0.83 0.76 0.59 0.73
China 0.87 0.77 0.59 0.73
India 0.80 0.73 0.57 0.71
Southeast Asia 0.87 0.84 0.63 0.77
South Asia excluding India 0.79 0.75 0.61 0.77
Latin America (LA) 0.83 0.74 0.55 0.68
Sub-Saharan Africa (SSA) 0.73 0.71 0.45 0.62
West Asia/North Africa (WANA) 0.78 0.73 0.57 0.65
Developed countries 0.87 0.90 0.74 0.82
Developing countries 0.81 0.75 0.58 0.72
World 0.82 0.77 0.61 0.74
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, high-
er environmental flow; and HENV-HE, higher environmental flow and higher irrigation efficiency.
for HENV and HENV-HE, respectively, compared with BAU. As assumed, how-
ever, beneficial crop water consumption under HENV-HE is close to BAU levels
(Table 7.7); hence IWSR values under HENV-HE are also close to, although actu-
ally lower than, BAU levels (Table 7.10).
Impacts in non-irrigation sectors under HENV compared with BAU are not
nearly as noticable; global consumptive use declines by 4 percent in the domestic
sector, 4 percent in the industrial sector, and 5 percent for livestock water uses. These
impacts are somewhat smaller under HENV-HE; global consumptive use compared
with BAU declines by 2 percent in the domestic sector, 2 percent in the industrial
sector, and 3 percent in the livestock sector. 
Worldwide, HENV provides a dramatic increase in water for the environ-
ment; in 2021–25 compared to the BAU, 680 cubic kilometers of water is trans-
ferred from withdrawals for irrigation, livestock, domestic, and industrial uses to
environmental flows. This additional environmental water is 14 percent of the
global withdrawal in 2021–25 under BAU. In developing countries, the increase
in environmental flows is 561 cubic kilometers, 16 percent of the developing coun-
try withdrawal in 2021–25 under BAU.
In terms of food outputs overall, compared with BAU, production, demand,
and prices are greatly affected under HENV; however, the impacts are not signifi-
cant under HENV-HE because IWSR levels are close to BAU levels. Specifically,
total harvested area for cereals in 2021–25 decreases by 15.2 million hectares under
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Table 7.11Cereal area harvested under business-as-usual, high environmen-
tal flows, and high environmental flows and high irrigation efficiency scenar-
ios, 1995 and 202125 
Rainfed harvested area Irrigated harvested area
(million ha) (million ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU HENV HENV-HE estimates BAU HENV HENV-HE
Asia 136.9 130.2 130.2 130.7 152.9 167.7 156.2 165.4
China 26.2 29.6 29.5 29.7 62.4 66.6 59.3 63.8
India 62.3 49.8 49.9 50.0 37.8 46.7 45.6 46.7
Southeast Asia 29.8 31.5 31.6 31.6 19.2 20.3 19.6 20.3
South Asia excluding India 5.6 5.6 5.6 5.6 19.9 21.0 19.0 21.1
Latin America (LA) 41.8 55.0 55.4 55.4 7.5 9.8 8.9 9.8
Sub-Saharan Africa (SSA) 69.8 95.5 96.2 96.1 3.3 4.8 4.1 4.5
West Asia/North 
Africa (WANA) 34.0 35.6 35.4 35.9 9.8 10.9 9.6 10.4
Developed countries 192.1 196.0 196.4 197.3 41.8 45.1 43.1 45.0
Developing countries 282.2 316.1 317.0 317.8 171.3 191.9 177.4 188.7
World 474.3 512.1 513.4 515.2 213.1 237.0 220.5 233.6
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 2021-25 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation efficiency; and million
ha, million hectares.
HENV but only 0.3 million hectares under HENV-HE compared with BAU
(Table 7.11). Rainfed area increases slightly under HENV but not sufficiently to
compensate declines in irrigated area compared with BAU. Globally, the increase
in rainfed area almost compensates the decline in irrigated area under HENV-HE.
Developed country harvested area for cereals decreases only slightly under
HENV compared with BAU. Rainfed area in developed countries under HENV
increases by 0.4 million hectares, while irrigated area decreases by 2 million hectares
compared with BAU, causing a slight decrease in overall cereal area. Developing
countries fare far worse, with an overall decrease in cultivated area for cereals of 13.6
million hectares under HENV compared with BAU. 
Increased global reservation of water for environmental uses affects cereal yields
for both irrigated and rainfed areas. Rainfed yields increase slightly  under HENV
in 2021–25 (1.1 percent) compared with BAU (Table 7.12). Irrigated yields decline
by 8.5 percent under HENV, however, compared with BAU. Under HENV-HE,
both rainfed and irrigated yields are minimally affected; irrigated yield decreases 
2 percent globally, and rainfed yield increases only slightly over BAU levels. 
The differences in cereal yield and cultivated area lead to changes in total cere-
al production under HENV (Table 7.13). Global irrigated production declines sig-
nificantly (15 percent) while global rainfed production increases only slightly 
Table 7.12Cereal yield under business-as-usual, high environmental flows,
and high environmental flows and high irrigation efficiency scenarios, 1995
and 202125
Rainfed yield (mt/ha) Irrigated yield (mt/ha)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU HENV HENV-HE estimates BAU HENV HENV-HE
Asia 1.70 2.46 2.51 2.49 3.23 4.50 4.06 4.43
China 3.59 4.65 4.75 4.70 4.23 5.88 5.42 5.81
India 1.20 1.63 1.68 1.66 2.65 3.82 3.27 3.77
Southeast Asia 1.61 2.47 2.51 2.48 3.05 4.27 3.96 4.18
South Asia excluding India 1.24 1.92 1.90 1.90 2.19 3.28 3.08 3.32
Latin America (LA) 2.07 2.92 2.99 2.95 4.07 5.46 4.97 5.34
Sub-Saharan Africa (SSA) 0.85 1.19 1.23 1.21 2.16 3.08 2.88 2.99
West Asia/North Africa (WANA) 1.40 1.75 1.80 1.77 3.58 4.86 4.97 4.86
Developed countries 3.17 3.89 3.88 3.89 4.44 5.97 5.51 5.79
Developing countries 1.51 2.08 2.13 2.10 3.25 4.53 4.12 4.46
World 2.18 2.77 2.80 2.79 3.48 4.80 4.39 4.72
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation efficiency; and mt/ha,
metric tons per hectare.
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Table 7.13Cereal production under business-as-usual, high environmental
flows, and high environmental flows and high irrigation efficiency scenarios,
1995 and 202125
Rainfed production Irrigated production
(million mt) (million mt)
1995 202125 projections 1995 202125 projections
baseline baseline
Region/Country estimates BAU HENV HENV-HE estimates BAU HENV HENV-HE
Asia 232.6 320.2 326.9 325 493.3 755.3 633.7 733
China 94.0 137.4 139.8 140 263.6 391.6 321.2 371
India 74.6 81.4 83.9 83 100.3 178.3 149.0 176
Southeast Asia 47.9 77.8 79.3 79 58.5 86.6 77.5 85
South Asia 
excluding India 6.9 10.6 10.5 11 43.6 68.9 58.4 70
Latin America (LA) 86.4 160.6 165.6 163 30.6 53.4 44.4 52
Sub-Saharan 
Africa (SSA) 59.2 114.1 118.2 116 7.0 14.7 11.7 13
West Asia/North 
Africa (WANA) 47.5 62.3 63.8 63 34.9 53.0 47.8 51
Developed Countries 608.3 761.6 762.8 768 185.6 269.1 237.3 260
Developing Countries 425.0 656.3 673.6 667 556.7 869.1 730.2 841
World 1,033.3 1,418.0 1,436.4 1,435 742.3 1,138.2 967.5 1,102
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation efficiency; and million
mt, million metric tons.
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(1 percent) compared with BAU. This increase is insufficient to offset the decline
in irrigated production. Again, rainfed and irrigated cereal production under
HENV-HE changes only slightly compared with BAU, with global rainfed pro-
duction increasing by 17 million metric tons (1 percent), irrigated production
decreasing by 36.2 million metric tons (3 percent), and total cereal production
decreasing by 19.2 million metric tons (less than 1 percent) (see also Box 7.2).
The high environmental water flow scenarios also result in decreases in total
cereal demand compared with BAU levels. The decrease is 6 percent under HENV
and only 1 percent under HENV-HE (Table 7.14). The developing world experi-
ences the bulk of this decrease—7 percent under HENV and about 1 percent under
HENV-HE. Declines are small for developed countries, at 4 percent under HENV
Box 7.2Irrigation and environmental uses in
water scarce basins
The high environmental flow scenario (HENV) has large effects on irri-
gation water supply and irrigation production in water scarce basins and
countries. Compared with BAU, water withdrawals under HENV
decline 22 percent in the Haihe, 25 percent in the Yellow, 23 percent in
the Indus, and 17 percent in the Ganges river basins, and 14 percent in
Egypt. Irrigated production is significantly reduced in these basins,
which leads to a decrease in total cereal production, as it proves virtually
impossible to make up the difference with rainfed production.
Compared with BAU, total cereal production under HENV is reduced
by 15 percent in the Haihe, 18 percent in the Yellow, 21 percent in the
Indus, and 15 percent in the Ganges river basins, and 14 percent in
Egypt.
Combining high environmental flows and high water use efficiency
(HENV-HE) leads to considerable improvement in cereal production
in the water scarce basins compared with HENV. In the Indus and
Ganges, which have relatively more potential for efficiency improve-
ment, higher BE provides enough additional beneficial water use to
almost fully compensate for the water diverted to higher environmental
flows. But the potential for boosting efficiency is limited for the other
water scarce basins because basin efficiencies are already high, and the
IWSR and relative irrigated yields remain lower under HENV-HE than
BAU.  Compared with BAU, the total cereal production under HENV-
HE is 12 percent lower in the Haihe, 8 percent in the Yellow, 2 percent
in the Indus, and 1 percent in the Ganges river basins, and 5 percent in
Egypt.
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Table 7.14Cereal demand under business-as-usual, high environmental
flows, and high environmental flows and high irrigation efficiency scenarios,
1995 and 202125
Cereal demand (million mt)
1995 202125 projection
baseline
Region/Country estimates BAU HENV HENV-HE
Asia 794.3 1,205.0 1,125.4 1,192
China 375.0 572.0 540.7 567
India 171.3 268.0 246.0 265
Southeast Asia 113.5 173.0 161.4 171
South Asia excluding India 54.9 99.0 87.6 97
Latin America (LA) 137.4 231.0 212.2 228
Sub-Saharan Africa (SSA) 78.4 159.0 142.4 155
West Asia/North Africa (WANA) 120.2 197.0 186.0 195
Developed countries 686.4 794.0 765.0 792
Developing countries 1,092.2 1,754.0 1,631.6 1,733
World 1,778.6 2,549.0 2,396.6 2,525
Source: IMPACT-WATER assessments and projections, 2002.
Notes: 202125 data are annual averages. BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation efficiency; and million
mt, million metric tons.
and only a slight decline under HENV-HE. Prices further affect these demand lev-
els as shown in Figure 7.3. World food prices are significantly larger under HENV
but only slightly larger under HENV-HE than under the BAU. HENV prices are
significantly higher than for either BAU or HENV-HE, but especially so for rice,
where prices increase 73 percent over BAU and HENV levels. Other cereal prices
under HENV increase at slightly lower levels, ranging from 49–54 percent.
Net cereal trade in 2021–25 changes only slightly in most regions under
HENV and HENV-HE compared with BAU (Figure 7.4). Net imports decrease
slightly in developing countries while, correspondingly, net exports decrease slight-
ly in developed countries under both scenarios. The largest impact occurs in China
and the Asian region as a whole under HENV, where net imports increase signifi-
cantly over BAU levels to compensate for declines in food production.
SUMMARY
Irrigation deficits in many basins and countries increase in severity even under BAU,
and further decreases in water available for agriculture—be they from increased envi-
ronmental reservation or reduced groundwater pumping—further reduce agricul-
tural production growth, increase food prices, and reduce food demand. 
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Figure 7.4—Net cereal trade under business-as-usual, high
environmental flows, and high environmental flows and high
irrigation efficiency scenarios, 2021–25
Source: IMPACT-WATER projections, 2002.
Notes: BAU indicates the business-as-usual scenario; HENV, higher
environmental flow; HENV-HE, higher environmental flow and higher irrigation
efficiency; negative values indicate net imports; positive values, net exports.
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Figure 7.3—World food prices under business-as-usual, high
environmental flows, and high environmental flows and high
irrigation efficiency scenarios, 2021–25
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario;
HENV, higher environmental flow; HENV-HE, higher environmental flow and
higher irrigation efficiency; and US$/mt, U.S. dollars per metric ton.
The global impact on food production from eliminating groundwater overdraft
is relatively small, but the impacts for specific countries and river basins are quite
large (see Box 7.1). In China and India, significant reductions in cereal production
and consumption are accompanied by increased cereal imports. While the serious-
ness of these country-level shortfalls in demand and increases in imports should not
be minimized, they could very well be a worthwhile tradeoff in restoring sustain-
ability of groundwater supplies. To compensate for reduction in groundwater
pumping, agricultural research investments should be increased to boost crop yields,
and investment and policy reform—including the elimination of power subsidies
for pumping—should be implemented to increase basin efficiency and encourage
diversification out of irrigated cereals into crops that give more value per unit of
water. This is particularly necessary in the hardest hit river basins such as the Ganges
and Yellow River basins.
Irrigation and environmental flow requirements conflict in many regions of the
world, and this will only intensify in the future in the absence of more effective poli-
cies and investments. HENV shows that reserving an additional 680 cubic kilo-
meters in environmental flow, globally, leads to large reductions in food production
and tremendous food price increases. Concerted technological improvements, infra-
structure investments, and policy efforts, however, especially directed toward
improving basin efficiency, could significantly mitigate these negative effects at a
global level as depicted under HENV-HE. Relatively little room exists to improve
water use efficiency in the most severely water-scarce basins, however, and food pro-
duction and farm incomes could fall significantly if water allocated for irrigation is
transferred to other uses (see Box 7.2). In these basins, alternative interventions may
be required, to compensate farmers for the negative effects of the environmental
water diversions including more rapid crop yield growth from agricultural invest-
ments, diversification into less water-intensive crops, or broader economic diversi-
fication to reduce the relative role of agriculture over time.  As shown in Chapter
6, policy reform such as raising water prices in the domestic and industrial sectors
to slow the growth in water use would be another option to help balance environ-
mental and irrigation water needs. 
NOTES
1. As in previous chapters, BAU and LGW use the climate regime of 1961–90.
2. This lowest threshold is referred to as the resource base by Smakhtin (2002).
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